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Example 1 Real Roots

Use the quadratic formula to solve each quadratic equation. Where
necessary, round to the nearest hundredth.
Verify graphically using technology.

a)2x2+9x+6=0
b) 4x2 — 12x = -9

Solution
a)For2x2+9x+6=0,a=2,b=9,and c = 6.

Bl -b+ VP - 4ac

2a

TUEVE S4(3) ()
2()

-9+ V81— 48

4

-9 + V33
4

-9+ V33 -9 - V33
The exact roots are 7 and T :

You can also express the answers as approximate roots.

SRR ) SRVET
4 4
= -0.81 = -3.69

The approximate roots are —0.81 and —3.69,
to the nearest hundredth.

Use the Zero operation of a graphing calculator to verify
that the roots are the zeros of the related quadratic relation
y=2x%+ 9x + 6.

Technology Tip \
When a graphing calculator |'|
displays a result such as

-1E-12, it represents a 2¢ro 2ero
number in scientific E-RCESIINIE0 #573.8061h1 Y= "1E-12

notation.
-1€8-12=-1x 1012

—-—
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b) First, write 4x2 — 12x = —9 in the form ax? + bx + ¢ = 0.

4x% — 12x +
For4x? —12x+9=0,a=4,b= —12,and ¢ = 9.

=—b:l: V' b* - 4ac

9=0

2a

) £ VI 2P = a))

2(-)

12 = Vo

8

N w =
©|R

12 + V144 - 144
8

3
The root is Z or 1.5.

) can see that the trinomial on
the left side of the equation is
a perfect square, so | could
have solved by factoring.

LA

(o]
-3

4995988 V=0

\When the x-intercepts are known, you can find the x-coordinate of
the vertex by finding the midpoint of the line segment connecting
the x-intercepts.

rd

Use the two x-intercepts from the quadratic formula.

- VB - dac

—b+\/b2—4ac+—

2a 2a
2
—b+ Vb ~-4ac-b—- Vb - 4ac
2a
2

b
The x-coordinate of the vertex is — ok

This also gives the equation of the axis of

symmetry, x =

2a’

The square root expressions have a

7

A

(=)

zero sum.
L
Y

\b? - 4ac-\b2-4ac=0
-b- Vb2 - 4ac 0) (—b+ b2 - 4ac
2a
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I can check this one
mentally. The
x-coordinate of the
midpoint of the line
segment connecting
the x-intercepts, 0.6
and 1,is 0.8.
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Example 2 Use the Quadratic Formula to Sketch a Parabola

parabola.

Solution

to find the y-coordinate of the vertex.
y = —=5(0.4)% + 8(1).8) — 3
=-32+64-3
= 0.2
The coordinates of the vertex are (0.8, 0.2).
The axis of symmetry has equation
x = 0.8.

To find the x-intercepts, let y = 0 and use the
quadratic formula to solve the quadratic equation.

For -5x2+ 8x—-3=0,a= -5,b=8,and c = —3.

T Find the x-intercepts, the vertex, and the equation of the axis of
symmetry of the quadratic relation y = —~5x2 + 8x — 3. Sketch the

-0.51

-1

-1.51

a- -b+ Vb* - 4ac
2a
_ B VE (=) 9)
2(—5)
_ -8+ V64 - 60
-10
_ 8% Va
—-10
_ —8%2
-10
Therefore,
-8 —2 -8+ 2
X=—— o Xx= ——"
—10 —-10
3
=1 = —or0.6
5
The x-intercepts are 0.6 and 1.
b
To find the x-coordinate of the vertex, use x = ~ o
X=———
2( ")
__ 8
—10
4 YA y=-5x+8x-3
= —or0.8 0.5
5 (08,02)
> (06,000
Substitute x = 0.8 into y = —5x2 + 8x — 3 -05 0| 0, 15 X



xample 3 Connect a Parabola and No Real Roots

A parabola has equation y = (x — 2)? + 3.
a) State the coordinates of the vertex, the equation of the axis of
symmetry, and the direction of opening,.
b) Determine the x-intercepts. Verify using the quadratic formula.
c) Sketch the parabola.

‘olution -

a) The vertex is (2, 3). The equation of the axis of symmetry
is x = 2. The parabola opens upward, since a is positive.

b) Since the vertex of the parabola is above the x-axis and it
opens upward, it has no x-intercepts. This can be verified
using the quadratic formula after expanding and simplifying
the original equation.
y=@x-22+3

=x2-4x+4+3

=x2-4x+7
Let y = 0 and use the quadratic formula witha =1, b = -4,
and c = 7.

-b+ VB - 4ac

2a
- )xV( P-4))
2(')
4 £ V16 — 28

2
44+ V-12
2

Since the square root of a negative number is not a real number,
there are no real roots.
Therefore, the parabola has no x-intercepts.

¢) Let x = 0. A second point
on the curve is (0, 7).

Looking at the x-coordinate of
this point, | know that it is ©.7)
located 2 units to the left of
the axis of symmetry. So, its
partner is located 2 units to the (x-2)°+3
right of the axis of symmetry

and has the same y-coordinate.

A

Then, due to symmetry, the partner
point on the parabola is (4, 7).

N
*_2
N
H
[e)]
N
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Example 4 Path of a Basketball

TThe path of a basketball
after it is thrown from a
height of 1.5 m above the
ground is given by the
equation

where h is the height, in
metres, and d is the
horizontal distance, in
metres.

= —0.25d? + 2d + 1.5,

a) How far has the ball
travelled horizontally,
to the nearest tenth
of a metre, when it
lands on the ground?

b) Find the horizontal
distance when the
basketball is at a
height of 4.5 m above
the ground.

Solution

a) When the basketball lands on the ground, the height is 0 m.
Let h = 0.
For -0.25d* + 2d + 1.5 =0,a= —0.25, b = 2, and ¢ = 1.5.

_ -b+ VB - 4ac

2a
-t V.i-a( ) )
2( )

d

_—2+Va+15
s 05 2+1(5.55)7 8.5
== -. 6904157598
_ ~2E V55 ¢-2-0¢5.53)7-8.5
—05

8.69041576
So,d= —-0.7ord = 8.7.

Since d represents distance, it must be
positive.

The basketball has travelled a horizontal distance of about
8.7 m when it lands on the ground.




b) Let h = 4.5. I need to express the
—-0.25d% + 2d + 1.5 = equation in the form
—0.25d*+2d-3=0 ax2 + bx+c=0.

For —0.25d%> + 2d - 3=0,a= —0.25,b = 2,and ¢ = —3.

-b + VB - 4ac
2a

d=

- +Vi-g )N )

2( ) A
_—2+Va-3
—0.5 (-2+1778.5
o V1 (-2-1)/ 0.5 2
-0.5
EoE
oI

So,d=2ord=G6.

The basketball will be at a height of 4.5 m twice along its parabolic
path: on the way up at a horizontal distance of 2 m and on the way
down at a horizontal distance of 6 m.

y Concepts

A quadratic equation of the form ax? + bx + ¢ = 0, a # 0, can be

-b+ VP - dac

solved for x using the quadratic formula x = 75

The x-coordinate of the vertex of a parabola is — %. and the

equation of the axis of symmetry is x = — —

2a’
Solving Quadratic Equations: ax? + bx+ ¢=0
= :! e e e e, Dy e A ST
o A Fad
S T 4 ey _'-7‘-'*.', : 1S 2
A = “ -l - gt 36 St % sl i
graphing always  The soiutions will not always be exact: this is best
used only when an approximate answer is needed.
factoring sometimes Use when ¢ = 0 or when factors are easily found.
completing the always  This is best used for equations of the form
square x2 + bx + ¢ = 0, where b is an even number.

quadratic formula always This method alWéys gives exact solutions, but in
some cases the other methods are easier to use.

computer algebra always  Use the solve (or factor) function of
system (CAS) the CAS.
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